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FIG. 3 

ATGCCATTCGAAATAGTCTTTGAAGGTGCAAAAGAGTTTGCCCAACTTAT 
AGACACCGCAAGTAAGTTAATAGATGAGGCCGCGTTTAAAGTTACAGAAG 
ATGGGATAAGCATGAGGGCCATGGATCCAAGTAGAGTTGTCCTGATTGAC 
CTAAATCTCCCGTCAAGCATATTTAGCAAATATGAAGTTGTTGAACCAGA 
AACAATTGGAGTTAACATGGACCACCTAAAGAAGATCCTAAAGAGAGGTA 
AAGCAAAGGACACCTTAATACTCAAGAAAGGAGAGGAAAACTTCTTAGAG 
ATAACAATTCAAGGAACTGCAACAAGAACATTTAGAGTTCCCCTAATAGA 
TGTAGAAGAGATGGAAGTTGACCTCCCAGAACTTCCATTCACTGCAAAGG 
TTGTAGTTCTTGGAGAAGTCCTAAAAGATGCTGTTAAAGATGCCTCTCTA 
GTGAGTGACAGCATAAAATTTATTGCCAGGGAAAATGAATTTATAATGAA 
GGCAGAGGGAGAAACCCAGGAAGTTGAGATAAAGCTAACTCTTGAAGATG 
AGGGATTATTGGACATCGAGGTTCAAGAGGAGACAAAGAGCGCATATGGA 
GTCAGCTATCTCTCCGACATGGTTAAAGGACTTGGAAAGGCCGATGAAGT 
TACAATAAAGTTTGGAAATGAAATGCCCATGCAAATGGAGTATTACATTA 
GAGATGAAGGAAGACTTACATTCCTACTAGCCCCCAGGGTCGAGGAGTGA 



FIG. 4 

MPFEIVFEGAKEFAQLIDTASKLIDEAAFKVTEDGISMRAMDPSRWLID 
LNLPSSIFSKYEWEPETIGVNMDHLKKILKRGKAKDTLILKKGEENFLE 
ITIQGTATRTFRVPLIDVEEMEVDLPELPFTAKVWLGEVLKDAVKDASL 
VSDSIKFIARENEFIMKAEGETQEVEIKLTLEDEGLLDIEVQEETKSAYG 
VSYLSDMVKGLGKADEVTIKFGNEMPMQMEYYIRDEGRLTFLLAPRVEE* 
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CLAMP INCREASES PROCESSIVITY OF Pfu 

exo- Pfu Pfu 

fo 0.1 = 10 I 1) ~~ 01 ■ 10 ' FMOLES CLAMP 




FIG. 5 
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FIG. 8 

ACCCAAAATTGTTATTCAGNTCAACGGAGAAGACGGAGTAGANTTGGAAGG 
AGCTTATCCAGAGAAATGTTCTTAGAGAAGTTACTCTCAGCTCTCAGCTGA 
TCTANNGTTTTTCCTTCTTTTCTTCTGTTCAGTTATNGCCTAGGATAAGCT 
TAATAATACTTTGATACCTTTCTTAGTTTAGGTGTGTGAGAGTATGAGCGA 
AGAGATTAGAGAAGTTAAGGTTCTAGAAAAACCCTGGGTTGAGAAGTATAG 
ACCTCAAAGACTTGACGACATTGTAGGACAAGAGCACATAGTGAAAAGGCT 
CAAGCACTACGTCAAAACTGGATCAATGCCCCACCTACTCTTCGCAGGCCC 
CCCTGGTGTCGGAAAGTGTCTTACTGGAGATACCAAAGTTATAGCTAATGG 
CCAACTCTTTGAACTTGGAGAACTTGTTGAAAAGCTTTCTGGGGGGAGATT 
TGGACCAACTCCAGTTAAAGGGCTCAAAGTTCTTGGAATAGATGAGGATGG 
AAAGCTTAGAGAGTTTGAAGTCCAATACGTCTACAAAGATAGAACTGATAG 
GTTGATAAAGATAAAAACTCAGCTTGGCAGGGAGCTTAAAGTAACTCCGTA 
TCACCCACTTCTAGTGATTGGAGAGAATGGCGAATTAAAGTGGATTAAGGC 
TGAAGAACTCAAACTTGGCGACAAGCTTGCAATACCGAGCTTTCTCCCACT 
TATAACTGGAGAAAATCCCCTTGCAGAGTGGCTTGGTTACTTTATGGGAAG 
TGGCTATGCTTATCCCAAGAATTCTGTCATCACGTTCACTAACGAAGATCC 
ACTCATAAGACAACGCTTTATGGAACTAACAGAGAAACTTTTCCCTGATGC 
AAAGATAAGGGAAAGAATTCACGCTGATGGAACTCCAGAAGTTTATGTGGT 
ATCTAGGAAAGCTTGGAGCCTTGTAAACTCTATTAGCTTAACATTAATACC 
CAGGGAGGGGTGGAAAGGAATTCGTTCTTTCCTTAGGGCATATTCCGACTG 
CAATGGTCGGATTGAAAGTGATGCAATAGTTTTATCAACCGATAACAATGA 
TATGGCCCAGCAGATAGCCTATGCTTTAGCCAGCTTTGGAATAATAGCTAA 
AATGGATGGAGAAGATGTTAT.TATCTCAGGCTCGGACAACATAGAGAGGTT 
CCTAAATGAGATTGGCTTTAGCACCCAAAGCAAACTTAAAGAAGCCCAGAA 
GCTCATTAGAAAAACCAATGTAAGATCCGATGGACTAAAGATTAACTATGA 
GCTAATCTCCTATGTAAAAGACAGGCTTAGGTTAAATGTCAATGATAAAAG 
AAATTTGAGCTACAGAAATGCAAAGGAGCTTTCTTGGGAACTCATGAAAGA 
AATTTATTATCGCCTTGAGGAACTGGAGAGACTAAAGAAGGTCTTATCAGA 
ACCCATCTTGATCGACTGGAATGAAGTAGCAAAGAAGAGTGATGAAGTAAT 
AG AAAAAGC TAAAATT AGAGC AG AG AAGC TC C TAG AATAC ATAAAAGGAGA 
GAGAAAGCCAAGTTTCAAGGAGTACATTGAGATAGCAAAAGTCCTTGGAAT 
TAACGTTGAACGTACCATCGAAGCTATGAAGATCTTTGCAAAGAGATACTC 
AAGCTATGCCGAGATTGGAAGAAAACTTGGAACTTGGAATTTCAATGTAAA 
AACAATTCTTGAGAGCGACACAGTGGATAACGTTGAAATCCTTGAAAAGAT 
AAGGAAAATTGAGCTTGAGCTCATAGAGGAAATTCTTTCGGATGGAAAGCT 
CAAAGAAGGTATAGCATATCTCATTTTCCTCTTCCAGAATGAGCTTTACTG 
GG AC G AG AT AAC TG AAG T AAAAG AGC T T AGG GG AG AC T TT AT AAT C TAT G A 
TCTTCATGTTCCTGGCTACCACAACTTTATTGCTGGGAACATGCCAACAGT 
AGTCCATAACACTACAGCGGCTTTGGCCCTTGCAAGAGAGCTTTTCGGCGA 
AAACTGGAGGCATAACTTCCTCGAGTTGAATGCTTCAGATGAAAGAGGTAT 
AAACGTAATTAGAGAGAAAGTTAAGGAGTTTGCGAGAACAAAGCCTATAGG 
AGGAGCAAGCTTCAAGATAATTTTCCTTGATGAGGCCGACGCTTTAACTCA 
AGATGCC C AAC AAGCC TTAAGAAGAAC C ATGGAAATGTTC TCGAGTAACGT 
TCGCTTTATCTTGAGCTGTAACTACTCCTCCAAGATAATTGAACCCATACA 
GTCTAGATGTGCAATATTCCGCTTCAGACCTCTCCGCGATGAGGATATAGC 
GAAGAGACTAAGGTACATTGCCGAAAATGAGGGCTTAGAGCTAACTGAAGA 
AGGTCTCCAAGCAATACTTTACATAGCAGAAGGAGATATGAGAAGAGCAAT 
AAACATTCTGCAAGCTGCAGCAGCTCTAGACAAGAAGATCACCGACGAAAA 
(cont. ) 
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FIG. 8 (cont.) 

C G TATTC ATG G TAG C GAG TAG AG C TAG AC C TG AAG AT AT AAG AG AGATG AT 
GCTTCTTGCTCTCAAAGGCAACTTCTTGAAGGCCAGAGAAAAGCTTAGGGA 
GATACTTCTCAAGCAAGGACTTAGTGGAGAAGATGTACTAGTTCAGATGCA 
CAAAGAAGTCTTCAACCTGCCAATAGAGGAGCCAAAGAAGGTTCTGCTTGC 
TGATAAGATAGGAGAGTATAACTTCAGACTCGTTGAAGGGGCTAATGAAAT 
AATTCAGCTTGAAGCACTCTTAGCACAGTTCACCCTAATTGGGAAGAAGTG 
ATGAAGTATGCCAGAGCTTCCCTGGGTAGAAAAATACAGGCCAAAAAAGTT 
AAGTGAAATTGTAAACCAAGAAGAGGCTATAGAGAAAGTTAGAGCGTGGAT 
AGAGAGCTGGTTGCATGGCCACCCCCCTAAGAAAAAAGCCCTATTATTAGC 
AGGACCCCCAGGGAGCGGAAAGACAACCACAGTCTACGCTCTAGCAAATGA 
GTACAACTTTGAAGTCATTGAGCTCAACGCGAGTGATGAGAGAACTTATGA 
AAAAATCTCCAGGTATGTTCAAGCAGCATACACTATGGATATCCTCGGAAA 
G AGG AG G AAG ATAATC T TC C T CG ATG AAGC AG AT AA.T AT AG AGC C C AGC GG 
AG C T AAGG AAATC GC AAAAC T AATTG AT AAGG C C AAAAATC C AAT AAT AAT 
GGCTGCAAATAAGTACTGGGAAGTTCCAAAAGAGATCCGAGAAAAAGCTGA 
GCTAGTAGAGTACAAGAGGTTAACCCAGAGAGATGTAATGAATGCCTTAAT 
AAGGATGCTAAAGAGGGAAGGTATAACAGTTCCAAAAGAAATCCTCCTAGA 
AATAGCAAAAAGATCTAGTGGAGATCTAAGAGCAGCTATAAATGATCTACA 
GACCGTTGTAGTGGGTGGTTACGAAGATGCTACGCAAGTTTTGGCATATAG 
AGATGTAGAAAAGACAGTCTTTCAAGCCCTAGGACTCGTCTTTGGAAGTGA 
CAACGCCAAGAGGGCAAAGATGGCAATGTGGAACTTGGACATGTCCCCTGA 
TGAATTCCTGCTATGGGTAGATGAGAACATTCCTCACCTCTACCTAAATCC 
AGAGGAGATTGCCCAGGCGTATGATGCAATTAGTAGAGCCGACATATACCT 
CGGAAGGGCCGCCAGAACTGGAAACTATTCACTCTGGAAGTACGCAATAGA 
TATGATGACTGCAGGAGTTGCCGTGGCAGGGAGAAAGAGAAGGGGATTTGT 
CAAGTTTTATCCTCCCAACACCCTAAAGATTTTAGCGGAAAGCAAAGAAGA 
AAGAGAGATCAGAGAGTCCATAATTAAAAAGATAATACGAGAGATGCNCAT 
GAGTAGGCTACAGGCAATAGAAACGATGAAAATAATTAGAGAGATTTTCGA 
GAACAATCTAGACCTTGCTGCGCACTTTACAGTGTTCCTTGGTCTGTCTGA 
AAAAGAAGTTGAGTTTCTAGCTGGAAAGGAAAAAGCTGGTACCATTTGGGG 
CAAAGCCTTAGCATTAAGAAGGAAACTTAAGGAGCTTGGAATAAGAGAGGA 
GGAGAAGCCTAAAGTTGAAATTGAAGAAGAGGAAGAAGAGGAAGAAAAGAC 
C G AAG AAG AAAAAG AGG AAAT AG AAG AAAAAC C C G AAGAAG AG AAAG AAG A 
GGAGAAGAAAGAAAAGGAAAAGCcaaAGAAAGGCAAACAAGCAACTCTCTT 
TGACTTTCTTAAAAAGTGATTACCCTTTTTCTTCTATTAGAGCTCCGAATA 
AAGTTGGCCCTCTAATTTTTTCTATTGTCTCCTCCACATTAATCTTTACGA 
ATTGGAATTCCTGCAGCCCGGGGGATCCACTAGTTCTAGAGCGGCCGCCAC 
CGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTTCGAGCT 
TGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCA 
CAATTCCACACAACATACGAACCCGGAAGCATAAATTGTAAACCCNGGGGT 
GCCTAATGANTGANCTAACTCACATTAATTGCNTTGCGCTCACTGCCCGCT 
TTCCANTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACNC 
GCGGGGANAAGCGGTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCATGA 
CTCGCTGCGCTCGGTCNTCGGCTGCGGCGAACGGTATCAGCTCATCAAAGG 
CGGTAATACGGTTATCCNCAAATCAGGGGATAACGCAGGAAAAAACTTTNN 
ACAAAAGGCNNCAAAAGGCGGAAACTAAAAGGCGCNTTCTGGGTTTTTCNT 
AGGCCCNCCCCGANAACTCNAAAAATCAACNCATTCAAGTGGGAAACCAAA 
GAA 
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FIG. 9 

PKIVIQXNGEDGVXLEGAYPEKCS*RSYSQLSADLXFFLLFFCSVXA*DK 
LNNTLIPFLV*V.CES (^SEEIREVKVLEKPWVEKYRPQRLDDIVGQEHIV 
KRLKHY VKTGSMPHLLFAGPPGVGK [ CLTGDTKVIANGQLFELGELVEKL 
SGGRFGPTPVKGLKVLG I DE DGKLREFE VQ YV YKDRTDRL I KI KTQLGRE 
LKVTPYHPLLVIGENGELKWIKAEELKLGDKLAIPSFLPLITGENPLAEW 
LGYFMGSGYAYPKNSVITFTNEDPLIRQRFMELTEKLFPDAKIRERIHAD 
GTPEVYWSRKAWSLVNSISLTLIPREGWKGIRSFLRAYSDCNGRIESDA 
IVLSTDNNDMAQQIAYALASFGIIAKMDGEDVIISGSDNIERFLNEIGFS 
TQ SKLKE AQKL I RKTNVRS DGLK I N YEL I S YVKDRLRLN VNDKRNL S YRN 
AKELSWELMKEIYYRLEELERLKKVLSEPILIDWNEVAKKSDEVIEKAKI 
RAEKLLEYIKGERKPSFKEYIEIAKVLGINVERTIEAMKIFAKRYSSYAE 
IGRKLGTWNFNVKTILESDTVDNVEILEKIRKIELELIEEILSDGKLKEG 
IAYLIFLFQNELYWDEITEVKELRGDFIIYDLHVPGYHNFIAGNMPTWH 
N ] TTAALALARELFGENWRHNFLELNAS DERG INVI REKVKEF ARTKP I G 
GASFKIIFLDEADALTQDAQQALRRTMEMFSSNVRFILSCNYSSKIIEPI 
QSRCAIFRFRPLRDEDIAKRLRYIAENEGLELTEEGLQAILYIAEGDMRR 
AINILQAAAALDKKITDENVFMVASRARPEDIREMMLLALKGNFLKAREK 
LREILLKQGLSGEDVLVQMHKEVFNLPIEEPKKVLLADKIGEYNFRLVEG 
ANE 1 1 OLE ALLAQFTL I GKK ) * * S ( MPELPWVEK YRPKKLS E I VNQEE AI 
EKVRAWIESWLHGHPPKKKALLLAGPPGSGKTTTVYALANEYNFEVIELN 
ASDERTYEKISRYVQAAYTMDILGKRRKIIFLDEADNIEPSGAKEIAKLI 
DKAKNPIIMAANKYWEVPKEIREKAELVEYKRLTQRDVMNALIRILKREG 
ITVPKEILLEIAKRSSGDLRAAINDLQTVWGGYEDATQVLAYRDVEKTV 
FQALGLVFGSDNAKRAKMAMWNLDMSPDEFLLWVDENIPHLYLNPEEIAQ 
AYDAISRADIYLGRAARTGNYSLWKYAIDMMTAGVAVAGRKRRGFVKFYP 
PNTLKILAESKEEREIRESIIKKIIREMXMSRLQAIETMKIIREIFENNL 
DLAAHFTVFLGLSEKEVEFLAGKEKAGTIWGKALALRRKLKELGIREEEK 
PKVEIEEEEEEEEKTEEEKEEIEEKPEEEKEEEKKEKEKPKKGKQATLFD 
FLKK ) *LPFFFY*SSE*SWPSNFFYCLLHINLYELEFLQPGGSTSSRAAA 
TAVELQLLFPLVRVNFELGVIMVIAVSCVKLLSAHNSTQHTNPEA*IVNP 
GVPNX*XNSH*LXCAHCPLSXRETCRASCINESANXRGXAVAYWALFRFL 
AHDSLRSVXGCGERYQLIKGGNTVIXKSGDNAGKNFXQKAXKGGN*KAXS 
GFFXGPPRXLXKSTHSSGKPK 
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FIG, 10 

MPELPWVEKYRPKKLSEIVNQEEAIEKVRAWIESWLHGHPPKKKALLLAG 
P PG S GKTTT VYAL ANE YNFE V I ELN AS DERT YE KI SRYVQAAYTMD I LGK 
RRK I I FLDEADN I EPS GAKE I AKL I DKAKNP I IMAANK YWE VPKE I REKA 
ELVEYKRLTQRDVMNALIRILKREGITVPKEILLEIAKRSSGDLRAAIND 
LQTVWGGYEDATQVLAYRDVEKTVFQALGLVFGSDNAKRAKMAMWNLDM 
SPDEFLLWVDENIPHLYLNPEEIAQAYDAISRADIYLGRAARTGNYSLWK 
YAIDMMTAGVAVAGRKRRGFVKFYPPNTLKILAESKEEREIRESIIKKII 
REMXMSRLQAIETMKIIREIFENNLDLAAHFTVFLGLSEKEVEFLAGKEK 
AGTIWGKALALRRKLKELGIREEEKPKVEIEEEEEEEEKTEEEKEEIEEK 
PEEEKEEEKKEKEKPKKGKQATLFDFLKK* 



FIG. 11 

MSEEIREVKVLEKPWVEKYRPQRLDDIVGQEHIVKRLKHYVKTGSMPHLLF 
AGPPGVGKTTAALALARELFGENWRHNFLELNASDERGINVIREKVKEFAR 
TKPIGGASFKIIFLDEADALTQDAQQALRRTMEMFSSNVRFILSCNYSSKI 
IEPIQSRCAIFRFRPLRDEDIAKRLRYIAENEGLELTEEGLQAILYIAEGD 
MRRAINILQAAAALDKKITDENVFMVASRARPEDIREMMLLALKGNFLKAR 
EKLRE I LLKQGL SGEDVLVQMHKE VFNLP I EE PKKVLLADKI GE YNFRLVE 
GANE I I QLE ALLAQFTLI GKK * * 
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M + 0 F20 F21 F22 F24 F27 F31 F34 




FIG. 12A 



F34 F31 F27 . F24 F22 F21 F20 0 + M 




FIG. 12B 
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WASHES pH 2.8 ELUATES 

M + aP38 aP55 F18 F19 F20 F21 . F22 F23 

.# 




FIG. 13 



NATIVE CLAMP LOADER STIMULATION OF 
cPfu/CLAMP PRIMER EXTENSION ON M13 
1 2 3 4 5 6 




FULL LENGTH M13 



VOLUME OF NATIVE CLAMP LOADER 

1. 0 

2. 0.01ul 

3. 0.1ul 

4. 0.5ul 

5. 1ul 

6. 2ul 



FIG. 15 
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FIG. 16 

ATGAGT7GCATTTACAAAAGAAGAAATAATCAAGAGGATCCTGGAAGAAG 
TGGAAGGAATAACTCTAGAAGAAATTGAGAACCAAATAAGGCAAATAATG 
AGGGAAAACAATATTTCAGAGCATGCAGCTGCTCTCTTACTAGCAGAAAG 
GCTGGGAGTTGAAGTTACCAAAAGAGAAGAACAACCTTTAATGAAGATTA 
GCGACCTATATCCAGGAATGGATCCCCACGAGGTCAACATTGTTGGAAGA 
ATACTTAAGAAGTATCCACCGCGAGAATACACAAAGAAGGATGGAAGCAT 
TGGAAGGGTTGCCAGTCTAGTTATATACGATGATACTGGGAGAGCGAGGG 
TTGTTCTTTGGGATTCAAAAGTTTTGGAGTATTACAGCAAGCTAGAAGTA 
GGGGATGTTATTAAGGTTTTAGACGCCCAGGTTAGGGAGAGCTTATCTGG 
TTTGCCTGAATTGCACATTAACTTCAGGGCTAGAATAATTAAAAACCCAG 
ATGATCCTAGGGTTCAGGATATCGCACCTCTTGAAGAAGTTAGAGTGGCA 
ACTTATACGAGAAAGAAGATCAGTGAGGTCGAGCCTGGGGATAGATTTGT 
AGAGCTTAGGGGAACAATTGCCAAAGTTTACAGAGTTTTGGTATATGATG 
CATGTCCAGAGTGTAAGAAGAAGGTTGACTATGACCCAGGAATGGACGTT 
TGGATATGTCCAGAACATGGAGAGGTTGAGCCAATAAAAATCACTATTCT 
TGACTTTGGGCTTGATGATGGCTCGGGATACATTAGGATTACCCTCTTTG 
GAGACGATGCTGAAGAGTTGCTGGGAGTAGGGCCAGAAGAGATTGCCCAA 
AAGCTTAAGGAAATGGAGAGCATGGGCATGACTCTCAAGGAGGCAGCGAG 
AAAATTGGCGGAGGAAGAGTTCTACAATATAATAGGGAAAGAAATAATCG 
TGAGGGGAAATGTAATTGAGGACAGGTTCTTGGGCCTAATCTTAAGGGCC 
TCCTCCTGGGAAGAAGTTGACTACAAGAGAGAAATTGAGAGAATTAAGAG 
GGAATTGGAAGAATTGGGGGTGATGTGA 



FIG. 17 

MlaMSAFTKEEIIKRILEEVEGITLEEIENQIRQIMRENNISEHAAALLLA 

ERLGVEVTKREEQPLMKISDLYPGMDPHEVNIVGRILKKYPPREYTKKDG 

SIGRVASLVIYDDTGRARWLWDSKVLEYYSKLEVGDVIKVLDAQVRESL 

SGLPELHINFRARIIKNPDDPRVQDIPPLEEVRVATYTRKKISEVEPGDR 

FVELRGTIAKVYRVLVYDACPECKKKVDYDPGMDVWICPEHGEVEPIKIT 

ILDFGLDDGSGYIRITLFGDDAEELLGVGPEEIAQKLKEMESMGMTLKEA 

ARKLAEEEFYNIIGKEIIVRGNVIEDRFLGLILRASSWEEVDYKREIERI 

KRELEELGVM 
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Pfu TURBO WITH RFA 
M 1 2 3 4 




RFA/50 pi PCR RXN 

1. 0 , ... 
2. 

3. 1//Y1/10 

4. 1/vl 1/100 FIG. 19 



Pfu TURBO WITH RFA 

1 2 3 4 ____ 




-2.1kb 
H a 1AT 



RFA/50 /vl PCR RXN 

1. OX 

2. ^^K 

3. 1 Xof 1/10 

4. 1XOT 1/100 pj G> 20 
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EFFECT OF RFA AND E. COLI SSB (PERFECT MATCH) 
ON PCRs USING Taq AND Pfu DNA POLYMERASES 



Taq 



Pfu 



0 1 5 O I O U I 5 U 1 O^l 



^ fcj _J fc« 




RFA = P. FURIOSUS RFA 

PM = STRATAGENE'S E. COLI SSB 



FIG. 21 
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FIG. 22 

atgattgaggagctgttcaagggattagagagtgaaatcgttggacttca 
cgagattcccccaaagaggggagagtatggggagttcaaattcaggaatg 
aagaagttaatgagttagttaagaggctcggatttagactttattctcac 
caagttaaagccctagaaaagctgtattcagggaaaaacgtagttgtttc 
aacgcccacagctagtgggaaaagcgagatatttaggttgtttatctttg 
acgaaatactgtcaagcccgtcctcaacttttctcttaatctacccaaca 
agagccttaataaacaaccaaatggaaaaattcgaaaaagaaaacactat 
ctttgaggagatttgtggaaaaagagttcgagcagaagtcttaactggag 
atacggaatgggaaaagagaagagaaatcattaggagcaaaccaaacgta 
atcttcacgacacccgatatgcttcatcatcacattcttcccaggtggag 
ggattatttctggcttttaaaggggcttagacttcttgtcgtggacgaat 
tgcacgtttatagggggatctttggaacaaatgttgcttatgttttcaag 
agactctttctcaggcttaagagattaagttcaagcccccaaatacttgc 
cctttcagcaactttgagaaaccccaaagaatttgctgaacaattttttg 
agactgaatttgaggaggt.caaggaagctggaagtccaagcccgagaaga 
attatagtcatgtttgagccaagaaggtttactggagaacaactaatcaa 
gcaaattgttgagagactaactagaaagaacataaagaccttggtatttt 
ttgactccagaaaggggacagaaagaatcatgaggcttttcctgttctca 
gatgcttttgataggatcacaacatacaaagggacgctaActaagaggga 
aaggtttctaatagagagagactttagggagggcaacctcacagttctcc 
taac gac aaatgc ac tc gagttgggaattgac attggagatttagatgc a 
gtaataaactatgggattccttcagatggattgttttcactaattcaaag 
atttggtagggccggaagggatccaaatagaattggaataaacgggataa 
ttttgagaagaaatggattggactactattacaaagaacatttcgatgag 
ctcgttgagggaatagaaaagggcctagtggagaaaatccccgttaactt 
gg ac aatg aaaag at ag c g aaaaag c ac c t cc ac t atgc c atagc tg aac 

TTGGAGTTGTCTCAATTAAAGAAATTGAGGGGAGATGGAAGAGATTCATA 
AAGAC C C T C G T AG AGG AGGGATACG TG G AAGTTAC AAG AAATC C AAT AAC 
TGGAGAGGAAGAAATAAGACTCAGAAGACCTCCTGTCTATTCTTCAATTA 
GAACGGCGAGCGATGAAAGCTACTTCTTAGTCGTGGATGAACCCTGGATA 
AGGGGAGCTTTGCAGAGGAAGAGGGGAGCCGAACTTCTCCGTTTTGTAAA 
CTACCTCAAAGTTAGAGGAATGGTAGTTGAGGAAGTTGATGAGATAGAAT 
TCCACAGAAGTCTACTCCCTGGAATGGTCTACCTTTCAAGGGGAAGGCCC 
TACATGGCAGTTGATAAGATAAAGATTGAGAAGTTCCACTTCGTTTTTGC 
G AGGCC TC TTC C AATC G AAGAAG AAAT AGATAC T AGTTC AAGTAAAATTG 
AAAAC ATTGAGATACTTGAGG TTAAAG AC G AG AAAAC TGTTGGCC C AATA 
AAAGTGAAGTTCGGAAGACTTAGAGTAAGGCACGAATACACTGGATACGC 
CGTGAGGGGAAGAGACGTTGAAAGGCACGTTAAGAGATTAGAAGAGCTAA 
AAGATGAGGGGATACTAAGGGGAGAGATTGACATCGTCCCATACATTTGG 
GAATCCTGGAAGTTTGCGAGGGTACTCTTTGACACCCCCTACATTAGAGA 
GTTTGAAACTGAAGGTTTCTGGCTTGAGTTTCCAAACGATATTAGGATAG 
TTCCCGAAGAGGAGTTTAGGGAATTCTTTGCAGTGGCCTCTGAGATAGAT 
CCAGAGCTCGCGATGTTCCTCTACAACAGAATTAGTAGAAAATCTCTATT 
CCCCACGCTTCTGGGAGCAACCACACACTACATAAGGAGTTTCATCCTTC 

(cont . ) 
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FIG. 22 (cont.) 

ACCACGCCAAAGATAAGGGAGAAGAATTCGCATTTGCCGTAAAAAAGATG 
ATCGACAGCAAGGATGGGATAGGCTCAGGGCTTCATGCAATTGAGCCCAA 
TATAATAAAGCTTGCTCCAGTTGTGACTCATGTGGATTCGAGAGAAATAG 
GCGGCTACAGCTACGATGACTTCCATGGAAAGCCAGTGATCTTCATCTAT 
GATGGGAATGAAGGCGGAAGCGGAATAATTAGGCAGGTGTATGAGAACGT 
AGAAAAGCTGATGTACAGGAGTTTGGAGCATATAAAGAAGTGTCCATGCA 
AAGACGGCTGTCCTGCCTGCATATATTCTCCCAAGTGCGGAACTTTCAAT 
GAATTCCTCGACAAGTGGATGGCAATAAGAATATGGGAAAAAGTCCTTCC 
TTAA 
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ATGTTAATAGTTGTAAGACCAGGAAGAAAAAAGAATGAGCTCGAGGCTTTTA 

TAATTGAAAACCCTCCAGAAAAGCTCTCTCAAAGAAGAAATTTAAAAGCTGA 

TAGGGTAGTTAGGCTCATAATGAGAGATAATAGACTTTTTAAAGCTCTTGAA 

GGAAGTCAGTATTTAAATCCAAAGGAAGTGGAGAGAGCCCTTAGAAATTCAA 

GGATAGTTCTGGTGAATGCCAACGAGTGGGAAGAGTACTTTAAGAAGAGGTT 

AATGAACAAAAGAGTTGAAAAAGCTGACATCTGTAGGCTCTGCCTTCTCAAT 

GGGAAGATTACAGTACTCACTGAGGGAAACAGGATAAGATACAGAGATGAAT 

ACATATGTGAAAGTTGTGCCGAGGAGGAGTTGAAGAGAGAGTTAAGATTTCG 

ATTTAATTCCATAGGAATGCTTGAACAGGCAAAGAAGCTTTTAGAGAGATTC 

AGAGATTTAGACAAGGTGATTTCAATTTTTGATCCATCCTTTGACCCCACTA 

AGCATCCAGAGATAACAAAATGGGATGAGCTAAAGGCCAAGCATATAAGGGT 

CGAGAAGATGCATATAGATGAGCTCAACATCCCCGAAGAATTCAAAAAAGTT 

CTAAAGGCCGAAGGAATAAACGAACTACTCCCCGTTCAGGTGCTAGCGATTA 

AAAACGGCCTCCTAGAGGGGGAGAATTTATTGGTGGTTTCAGCAACTGCGAG 

TGGAAAAACTCTAATCGGAGAGCTTGCAGGTATTCCTAAGGCTCTAAAGGGA 

AAGAAAATGCTGTTCCTAGTTCCTCTAGTAGCTTTAGCAAACCAAAAGTACG 

AGGACTTCAAGAGAAGATACTCAAAGCTTGGATTAAAAGTAGCCATTAGAGT 

CGGAATGAGCAGGATAAAGACCAAGGAAGAGCCAATAGTTCTGGATACTGGA 

ACAGATGCACACATAATAGTGGGGACTTACGAAGGAATAGACTACCTTCTCA 

GAGCTGGTAAAAAGATAGGAAACGTTGGAACGGTTGTAATAGATGAAATACA 

CATGCTCGATGATGAGGAGAGAGGAGCTAGGCTAGATGGGCTCATTGCAAGG 

TTAAGGAAGCTCTATTCAAATGCCCAATTTATTGGGCTTTCAGCAACCGTAG 

GAAACCCTCAGGAGTTAGCCAGGAAGCTAGGGATGAAACTAGTGCTTTACGA 

TGAAAGGCCCGTTGACTTAGAGAGGCATTTAATAATTGCGAGAAATGAGAGT 

GAGAAGTGGAGGTATATAGCTAAGCTGTGCAAAGCCGAGGCCATGAGAAAGA 

GCGAGAAGGGATTCAAGGGGCAGACGATAGTATTTACATTTTCAAGGAGAAG 

ATGCCATGAGCTTGCCTCATTCCTAACGGGGCAGGGATTGAAGGCTAAGGCC 

TACCACTCGGGCCTCCCCTATGTTCAGAGAAAGCTTACCGAAATGGAGTTTC 

AAGCTCAAATGATTGATGTAGTTGTAACAACAGCTGCTTTAGGAGCGGGAGT 

TGATTTTCCAGCATCCCAAGTCATCTTCGAAAGCTTGGCCATGGGAAACAAG 

TGGATAACAGTTAGGGAGTTTCACCAAATGCTTGGCAGGGCTGGAAGGCCAC 

AGTACCATGAGAAAGGTAAAGTTTACATAATAGTCGAGCCTGGGAAAAAGTA 

CTCAGCTCAGATGGAGGGAACTGAAGATGAAGTCGCCCTCAAGCTCTTGAGT 

TCACCCATAGAACCAGTAATTGTTGAGTGGAGCGATGAATTTGAAGAGGATA 

ATGTCTTAGCTCATGGCTGTGTGTTTAATAGACTTAAAGTTATTGAAGAAGT 

TCAATCCCTCTGCCTGGGAGCAAACCAAAGTGCTAAAAATGTTTTGGAAAAA 

CTTATGGAAAAGGGGCTCGTCAAAATATATGGAGATAAAGTTGAAGCAACCC 

CATATGGAAGGGCGGTGAGCATGAGTTTCCTACTTCCTAGGGAGGCAGAGTT 

CATCAGAGATAACTTGGAGAGCACTGATCCAATTGAGATAGCAATTAAACTG 

CTACCGTTCGAAAACGTTTACCTCCCAGGATCGCTCCAGAGGGAAATAGAGT 

CAGCTGTTAGAGGAAAGATAAGCTCAAACATCTTTTCAAGCTCCTTTGCATC 

AGTGCTAGAAGAGCTTGACAAGATTATACCCGAAATAAGCCCAAATGCTGCA 

GAAAGGCTATTCCTAATATACCAAGATTTCTTCAACTGCCCAGAGCAAGACT 

GTACGGAGTTTGCAATGGAGAGAATTGGGAGAAAGATCATTGACTTAAGAAG 

AGAGGGATACGAGCCCTCAAAAATCTCTGAGCACTTTAGGAAGGTCTATGCA 

TTAATATTATACCCTGGAGATGTTTTTACATGGTTAGACGGAATTGTGAGAA 

AACTCGAGGCAATTGAAAGAATAGCCCGAGTGTTCAATAAGAGAAGAGTGGT 

AGAAGACACAATCAGGGTTAGAAGGGAAATTGAAGAAGGAAAAATTTTGAAG 

G G T GAG AG AC G ATG A 
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FIG. 24 

ATGCACAAATACTTCTTTCCATTACCTGCAACTAAGTCAACTTTCTTGCTC 

CCTGCCGACCTCACCACAGCAAATCCATGCTTTTCCAAGAGCTTAATCAAT 

TCTCTCTCTGCCTGGGCCCCTTTTCTATACATACAATGTTTTTCCTATCTA 

CCTCTTATAAACTTTTTAAACTCCTTGACATACCCTCTCGAGATGCACATA 

TTG ATAAAAAAGGC AAT AAAAGAGAGATTTGGAAAG TTGAATGCC C TTC AA 

CAATTAGCCTTTCATAAAATTAGGGGAGAAGGTAAAAGTGTTTTAATAATA 

GCTCCGACAGGAAGCGGAAAAACTGAAGCCGCAGTAATTCCAATCTTAGAC 

GCAATACTACGGGAGAATCTTAAACCTATAGCAGCTATTTATATAGCCCCA 

TTGAAGGCACTAAATAGGGACTTGCTAGAGAGACTAAAGTGGTGGGAAGAA 

AAAACTGGGGTAATAATAGAGGTTAGGCATGGGGACACGCCTACCTCAAAA 

AGATTGAAGCAGGTAAAAAATCCTCCCCACCTATTAATTACAACCCCTGAA 

ATGCTCCCTGCTATTCTTACGACAAAGTCCTTCCGTCCCTATCTTAAGAAC 

ACTAAATTTATCGTGATAGACGAGATTGGTGAACTTATAGAGAATAAAAGA 

GGAAC CC AGC TAATCC TAAATCTAAAAAG AC TTGAATT AATTAC AGAAG AT 

AAACCAATAAGGATTGGCCTTTCTGCAACAATTGGAAGTGAAGAAAAGGTA 

AGGCTTTGGATGGAAGCGGATGAAGTGGTAAAGCCTCGACTAAAAAAGAAG 

TACAAATTTACCGTTTTATACCCTCAGCCAATTCCAGAGGATGAAAAGCTT 

GCTGAAGAGCTCAAAGTTCCAATAGAAGTTGCAACGAGGCTAAGAGTTGTG 

TGGGATATTGTAGAAAAGCACAAGAAGGTATTGATCTTTGTTAATACCCGA 

CAATTTGCAGAGATCTTAGGGCATAGACTTAAAGCTTGGGGAAAACCTGTT 

GAAGTTCACCATGGTAGCCTTTCAAGGGAAGCAAGAATAGAGGCAGAGAAG 

AAACTTAAGGAAGGAAAAATAAAAGCACTAATTTGTACCTCATCAATGGAA 

CTTGGCATTGACATAGGGGATGTTGATGCAGTTATTCAGTACATGAGTCCT 

CGACAGGTAAATAGGCTAGTCCAGAGAGCTGGAAGAAGCAAACATAGACTG 

TGGGAAACAAGCGAGGCTTACATCATAACCACAAACGTAGAAGATTATCTC 

CAAAGCTTGGCAATAGCAAAGCTCGCACTAGAAGGAAAACTGGAAGATGTA 

AATCCCTACGAAAATGCCCTTGATGTCCTGGCTCACTTTATAGTTGGTTTG 

ACAATAGAATACAGAAATGTTAACATTACTGAACCCTATTCCCTTGCGAAA 

TCTACTTATCCCTACAGAAAGCTCTCCTGGGAAGACTATCAGAAAGTTTTA 

GAGATTTTAGAAGAGGCTAGAATAATAAGAAGAGATGGAGATGCAATTAAG 

CTGGGAAAAAATGCCTTTAAGTATTATTTCGAGAACCTCTCAACAATACCT 

GACGAAATAAGTTATGCAGTTATAGATATTGCAAGTGGAAAATCTGTTGGA 

AGACTAGATGAAAACTTTGTTACGGAACTTGAAGAGAGTATGGAATTCATC 

ATGCATGGAAGAAGCTGGATCGTGCTGGAAATTAACGAAAAAGAAAGGATA 

ATAAAGGTTAAGGAGAGCAACAATTTAGAAAGTGCACTGCCAAGTTGGGAA 

GGGGAGCTCATTCCAGTTCCTTTGGAAGTTGCAGAATTTGTTGGAAAGCTG 

AAGAGAGAGCTCCTATGGGACAAAGAGAGAGCATTAAAACTGCTTGAGGGC 

GTTGAATTTAATAAGGAAGAACTCGAGGTTGCAATTTCCCAACTAGTAGAA 

TCAGAACCAGTGGCGAGTGATAGAGATATCATTATAGAATCCTATCCAAAA 

TTTGTGATAATTCATGCTGATTTTGGAAATAAAATTAACGAAGGGCTCACA 

AGATTTATCTCAGTGTTTTTATCCGCCCGATATGGGAATATTTTCCTCCCA 

AGAAGTCAAGCTCATGGAATTATAATTAGAAGCCCATTTAGGCTTAATCCT 

GAAGAAATAAAGGAAATACTGTTAATGAAAGCAGAAGTTGGAGATATTGTT 

GCTAGAGGAATTAGAGACACTCCAATATACCGCTGGAAGATGAGTGCAATT 

GCTAAGAGATTCGGTGCCCTAAGAAGGGACGCGAGAATAAAAAAAGTAGAA 

AGGCTGTTTGAAGGGACAATAATAGAGAAGGAGACTTTTAATGAAATTTAC 

(cont . ) 
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FIG. 24 (cont.) 

CATGATAAAATCGACATTGATAAAACAGAGAAAATTCTAGAAAAAATAAGA 

AAGGGAGAAATTAGAATGAAAACTTTGTTCAGAGAGGAAATAACGCCTCTT 

TCCTCTTCTTTGGCAACCCTAGGAGGAGAGTTTCTAATTAGAGATATACTT 

ACCCAGGAGGAAGTAGAAGAGATATTTAGGGAGAAGTTACTCGATGCTGAG . 

TTAGTCATGGTTTGTACAAACTGCGGATTTTCCTGGAGAACAAAAGTTCGC 

AGGGTTATGGATAGAGTCAATGAGTTAAGCTGTCCCAAGTGTGATTCCAAA 

ATGATAGCTCCTCTACACCCCAAAGATTCCGAAACTTTCATCTCAGCTCTC 

AAAAAGTTAAAAAGAGGAGAAAAGCTTAGTAGGGAAGAAGAAAAGTATTAC 

CTTAGAGGTTTAAAGGCGGCTGATTTACTTAAAGCCTACGGGAAGGACGCT 

CTTTTAGCATTAGCTACCTATGGGGTTGGGGTAGAAAGCGCCACCAGAATA 

CTTAGGGATTATAGAGGAAAATCCCTTATAAAAGCACTTATCGAGGCAGAG 

AAACACTACATCCAAACTAGAAAGTTTTGGGAATAG 
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FIG. 25 

GTGATGTTATTAAGGAGAGACTTAATACAGCCTAGGATATATCAAGAGGTA 
ATATACGCCAAGTGCAAAGAAACAAACTGCTTGATTGTTCTGCCCACAGGA 
TTAGGTAAGAC GC TGATAGC T ATGATGATAGC AGAGTATAGATT AAC G AAA 
TATGGCGGAAAAGTTCTAATGCTCGCCCCCACTAAGCCTCTCGTTCTTCAA 
CATGCGGAAAGTTTTAGGAGGCTATTTAACCTCCCTCCAGAAAAAATTGTA 
GCACTTACTGGAGAGAAGAGCCCAGAAGAGAGAAGTAAGGCCTGGGCGAGA 
GCAAAAGTAATTGTAGCCACTCCTCAAACTATTGAAAATGACTTATTGGCG 
GGAAGAATATCTTTAGAAGACGTTTCGCTAATAGTATTCGATGAAGCTCAC 
AGAGCTGTGGGCAATTACGCTTACGTCTTTATAGCAAGAGAGTATAAAAGA 
CAGGCCAAAAACCCACTTGTTATAGGGTTAACAGCCTCCCCTGGGAGCACT 
CCTGAAAAGATCATGGAGGTAATAAATAACTTGGGAATTGAGCATATTGAA 
TACCGCTCCGAAAATTCTCCCGATGTTAGACCTTACGTTAAGGGAATAAGG 
TTTGAATGGGTTAGGGTTGATCTCCCAGAAATATACAAGGAAGTAAGGAAA 
CTTTTAAGAGAAATGCTTAGAGATGCCCTTAAACCGTTGGCAGAAACTGGA 
CTTCTTGAATCTTCTTCCCCAGACATTCCAAAGAAAGAAGTTCTTAGAGCT 
GGGCAAATAATAAACGAAGAAATGGCGAAAGGTAATCATGATCTCAGAGGC 
TTGCTTCTCTATCACGCAATGGCTCTTAAGCTACATCATGCAATTGAGCTG 
TTGGAAACCCAAGGGTTATCCGCCCTGAGGGCTTATATAAAGAAGTTGTAT 
GAGGAGGCAAAAGCGGGATCAACAAAGGCTAGCAAGGAAATATTCTCGGAT 
AAGAGAATGAAAAAGGCAATCTCACTTTTAGTTCAAGCGAAGGAGATTGGG 
C TTGATC AC C C C AAG ATGG AC AAGTTAAAAGAAATAATTAGGGAAC AAC TC 
CAAAGGAAACAAAATTCCAAAATCATAGTTTTCACTAACTACAGAGAAACT 
GCAAAAAAGATAGTCAATGAACTTGTGAAAGATGGAATAAAAGCTAAAAGG 
TTCGTTGGACAGGCCAGCAAAGAAAATGACCGTGGACTGAGTCAGAGAGAG 
CAGAAATTAATTCTTGACGAATTCGCTAGAGGAGAATTCAACGTTCTAGTG 
GCAACGAGTGTAGGAGAGGAAGGACTTGACGTGCCGGAAGTTGATTTGGTT 
GTGTTTTATGAGCCAGTACCATCTGCCATAAGGAGCATCCAAAGAAGGGGT 
AGAACTGGCAGGCATATGCCGGGGAGAGTTATAAT.CCTAATGGCCAAGGGG 
ACTAGAGATGAAGCATACTACTGGAGTTCCAGGCAAAAGGAAAAGATAATG 
CAAGAGACAATAGCTAAGGTGAGTCAGGCAATTAAAAAGCAGAAGCAAACT 
TCTCTAGTTGATTTTGTGAGAGAAAAAGAGAGCGAAAAGACCTCTCTAGAC 
AAG TG GT TG AAAAAG G AAAAAG AAG AAG C AAC TG AAAAAG AGG AAAAG AAG 
GTAAAGGCTCAAGAGGGTGTAAAAGTCGTCGTAGATAGCAGAGAGCTTAGG 
AGTGAGGTTGTGAAGAGACTTAAACTTCTTGGTGTAAAGTTAGAGGTTAAA 
ACGCTCGATGTGGGAGATTATATAATTAGTGAGGACGTTGCAATTGAGAGG 
AAGTCAGCTAACGACTTCATTCAGTCAATTATTGATGGTAGACTTTTTGAT 
CAAGTTAAGAGGCTCAAAGAGGCATACTCAAGACCGATAATGATAGTCGAA 
GGTTCTTTATACGGAATTAGAAACGTCCATCCAAATGCAATAAGGGGGGCA 
ATAGCAGCGGTAACCGTAGACTTTGGGGTCCCAATAATATTTTCATCTACT 
CCAGAGGAAACCGCTCAATACATCTTTCTAATTGCAAAGAGGGAGCAAGAG 
GAGAGAGAAAAACCTGTGAGAATTAGAAGTGAGAAGAAGGCCCTTACCCTT 
GCCGAGAGGCAGAGGTTAATAGTTGAGGGATTACCTCACGTCTCAGCAACT 
CTAGCTAGGAGATTGTTGAAGCACTTTGGAAGTGTGGAAAGGGTATTCACT 
GCAAGCGTTGCTGAGTTAATGAAAGTTGAAGGCATAGGAGAGAAGATTGCT 
AAGGAGATTAGAAGGGTAATAACTGCCCCATATATAGAGGATGAGGAGTAG 
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FIG. 26 

TTGAAAGGGTTGTTTAGGGACGTTATCCTCCACAACCCCCACCTTTTTGTT 
TATTCCTATTCTGATAAAGGCATCATTCCTTTCAAGCATCAGTTCCAGACC 
CTCTATCATGCCATGCTCATGAGGCCAGTGAGGCTAATGATAGCTGATGAG 
ATAGGTC TC GG AAAG AC C ATTCAAGCTC TTTTAATAGC C AAG TACC TCGAT 
TTTAGGGGAGAGATTGAGAAAGCCTTGATAGTCGTTCCAAAAGTTCTGAGG 
GAGCAGTGGAGGGAAGAAGTAAAGAGGATCTTAGAGGAAGCTCCGGAAGTG 
ATAGAGAATGGTAGCGAAATTGAATGGAAGTTGAAAAGGCCGAGGAAGTAC 
TTCATAATATCAATAGACCTAGCTAAGAGATACACCGAGGAAATACTCCGT 
CAAAAGTGGGATTTAGTAATAGTTGACGAAGTCCACAACGCCACCCTGGGA 
ACACAGAGATATGAGTTCTTAAAAGAACTAACCAAGAACAAGGATTTGAAC 
GTTATATTCCTTTCAGCAACCCCCCACAGGGGAAACAATAGAGATTACCTT 
GCGAGGCTTAGGCTCCTCGACCCAACTATACCAGAGGAAATATCCCCAATG 
CACGAAAGGAAGATCTACATGAAGTCAAGAGGGACATTGGTACTAAGGCGA 
ACTAAGAAGGTTGTCAACGAACTTGAAGGAGAAGTGTTCAAGAAGTGTCAC 
TTTGGGGCTGTCGTGGTAGAAGTTAGCAGAGAGGAGAGGGAGTTCTTTGAA 
GAGTTAAATAGAGCGCTATTCGAGCTGATTAAGGATCAAGCTGATTACTCT 
GCCTTAACTCTTCTTGCAGTAATCATTAGGAAGAGAGCCTCGTCCAGCTAC 
GAAGCGGCTCTAAAAACCCTAACCAGGATCGTTGAAAGCGCTTATATAAGT 
GGGCAAGAAAGAGCCAGAGGGGTTGAATCATACATTGAAAAGATCTTTAGA 
ATGGGGTATGAGGAATTGGAAATAGAAGAATTTAACGAGATAGATGATGCG 
ATACACAAAATAATAGATGAATATAGGGGATTCTTAACTGAAGAGCAACTC 
GAAAGGCTTAGAAGAGTTCTCGAGCTTGGAAAGAAAATTGGCAGCAAGGAT 
AGCAAGCTTGAGGTTATATCCGATATAGTTGCTTATCACATTAGGAACGGC 
G AAAAGG TC AT AATATT C AC GG AATTTAG AG AT AC C C T C G AATAC G T AC T T 
GAGAGGTTACCAGATATCCTAAGGAGAAAGCACGGCATTGTTTTGGAAAAA 
GATGACATTGCAAAACTTCATGGGGGCATGAAATCTGAGGAAATAGAGAGG 
GAAATCAACAAGTTTCATGAAAGGGCTAACCTATTAGTCTCTACGGATGTT 
GCATCCGAAGGACTTAACCTGCACGTTGCAAGTGTTGTAATAAACTACGAG 
GCCCCCTGGAGCCCAATAAAGCTCGAACAGAGGGTGGGAAGAATATGGAGG 
CTCAACCAAACGAGAGAAACCAAAGCATATACCATATTTCTTGCAACGGAA 
ACGGACTTGGATGTTCTAAACAACCTCTATAGAAAGATTATGAACATAAAG 
GAAGCCGTGGGAAGTGGACCCATTATTGGAAGGCCAATATTTGAAGGAGAC 
TTTGAAAATCTATGGAATGAAGGTGCCGAGGAAGAAAATAGAGAAGTCTCA 
GAGTATGAGCTTATCCTAGCCTCAATTAAGGGAGAACTCAAGGGCTATGCC 
GGGGCTCTAGTTAGGACTCTCAGAATCCTAAAGCAGAAAGTGGAGGGAGCA 
GTTCCTGTAAATCCTGCGGGAAGCATAAGGAGAGAGCTCGAGATAATTTTA 
GAGGACACTCCTGATGTGGAAGTATTAAAGAAAATCGTTAATAGGAACGTT 
CCAAATCCGTTCCGCTTGGTGAGAGGACTTTTAAGAGAAGCCGAGGGGATT 
GAGGGAATTAGAGTATTAGTTAAGGGCTATGATGGCTCTATGGATGTGTAC 
TATGCCATATTCTACGACGAAGATGGGAGAGAAATTTATAGATATCCAATT 
C TTGC TGAGAAC GG AAAGTAC CTTG TTGG ATTC AAC TTAC TC AAGAGG ATT 
AGTGAGGTACTATCCAAAGAGTACAAGGTCGTTAGAGGGGCAAGTGAAGAG 
GTGGACTATAAAGTTAAGACGCTAGTTATGGACAACATATACAATTTAATC 
GTG AAG AAGTATC TGGAAT AC G ATAGC TTAAAC ATC AAAG AAGG TAAAATC 
TTCAAGAGGCTTAAGGTTGAAATAAAGAAAGCCCTCGAGGTAAAGGGGATA 

(cont . ) 
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FIG. 26 (cont.) 

AGTGAAGAAGAATTCGAAGTCATCAAGAGAGTTCCCCCTGAGATTATGGAA 
GTTCTAGGGTTAGATTCCACAAAAATAGAACTACCTACCAACGAATACCTC 
AAGATCTTCGAAAGGAACTTTGTTCCTCTGGATAAAATCCTTGAGAGTGAA 
AAGAAGGCCATGGAAATAGTCATGGAGCTAGAGAAGAGCAGAGGATATAAC 
GTTGAGGACGTATCTTTAAGGGAGCACTATGACATAAGGGCCTTTACAGAT 
GGTGAAGAGAAGTACATAGAGGTCAAAGGGCACTATCCAATGCTCCTACTT 
GCGGAGTTAACGGAAAAGGAATTTGAGTTCGCACAAAAAAATGAAGATAAG 
TACTGGATATACATAGTCTCGAACATTGCCAAAGACCCCGTAATTGTAAAA 
ATTTACAAACCATTTTCCCAGGATAGAAGAGTATTCGTGGTTAAGAATGGG 
GAAGATGTTGAGGTTAATATCAACATTGAGATAAAGAAGAAAGATAGGCAT 
TTACTTAAGTTAAGCTAG 
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FIG. 27 

GTGATTACTTTGGAGCTACATCCAAGTGAGATAGCTAGATATTTCGAGCTT 
GAAGAGTGTTCCCACTATTTCTCTAACCTACTTTTAAGAAAGAGAGGCGAA 
T TG C AGG AAT TT G AGC C G AT AAT AAGG AG AAAAG AAAT AG AAAC CAT AG AG 
. CTCGCCAAATGGGGAGACGAGTTCGAGCTCTCCCTTCTTCAGGAATTTAAA 
AAAGGTGAAGCATTAAAAAAGCTTGGAGTTAAAGAACTACCAAGATTCTAT 
GGTTTTTTAACGGAAAACGACACCCCTGTAAGAAAGTTCTTTGAAAAGTAC 
TTTAAAGATGGAATAATAGTGGAAGAAGATCCAGACAAACTTTTAGAAATT 
ATAAACAGTGAGAAAAGTGCCGTTATCTATCAAGCCCCCTTAAAAGGCAGA 
ATAGGGAAATTTGATGTCTCAGGAAGGGCAGACTTCATAATAAAGGTTGGG 
AAAACACTTTACCTACTCGAGGCTAAGTTTACTAAGGAAGAGAAGTTCTAC 
CACAGGATTCAGGCCATTATCTATGCTCACCTTCTAAGTCAAATGATCGAA 
GGTTACGAAATTAAACTAGCTGTTGTAACAAAGGAGAACTTTCCCATTCCC 
T C AAAC TTC C T AAG AT TC CC AG G AG AC GTGG AAG AG T T AAAG AT AAC C C T A 
GAAGAAAAGCTTGGTGGAATACTAAGAGAACAAGAACTTTGGATAGACGCA 
AGGTGTACTACTTGCCCCTTTGAGGCTTTATGCTTGTCTAAGGCTCTTGAG 
GAAAGAAGTCTAGGACTATTAAGCCTTCCCCCTGGGATAATTAGAATACTC 
AAAGAAGAAGGGATAAAAGACTTAAAAGACATGGCTAAGCTATTTGAATTC 
AAAGAAAATTCCCCTACAAACTTTGAAGAGCCCTCAATAAAAGATCCAAAG 
AAGACTCAAGAGATAGCAAAAAGAACGGGAATAAACTTACTAAAGCTCTCA 
AGGATAGCTCAGGCAATCCTTAAATATTTAGATGAGGGAGAAACAACACCC 
CTGTTCATCCCCAGGACGGGGTATAATCTGCCAATGGATGAGAGAGTAGGT 
GATGTTGAGCCCTCTTACTATCCTCCAAGGAGCTTAGTGAAAGTGTTCTTC 
TATGTCCAGACAAGCCCAATAACAGACACAATAATCGGAATTTCAGCCCTT 
GTAAAGAATAGGCAAAATGGAGAGCGGATAATTGTTAAGTTCGTCGATGAG 
CCCCCCATAGAAGTTTCAGATGCCCAAGAAAAGGAGAGAATGCTTCTAATT 
GAGTTCTTTAGGGATGTTATTGATGCCGTAAAGTCACTATCTCCAACCGAT 
AAAGTCTACCTACACATGTACTTTTACAATAGAAAACAGAGAGATGACCTT 
ATGGATGCCGTAAAGAGACACAAAGAGATAAGAGAAAACAATGCAGTCATG 
GCCTTGCTAAGCTTGAGAAGAGCCATAGATTGGGAGAGCTTTTCAATAATA 
AAGGATGAGATAATAAGGAGGCATGCCTTACCACTTTCTCCTGGCCTGGGA 
TTCGTTACAGTTGCTACTCAGTTTGGATACAGATGGAGAAGGAACAAAACC 
TTTGCGCGAATGCTTGAGGTTGTAGCAAGAAGAGAAAATGGTAAGATAAAT 
CTCAAAACTCTCCTTAACATTTCTGAAACGGGAATTGGGCCAGAATATTAT 
CCAATCATCGATAGGGATAACGAAGGAATACCCTTCACACTTTTCTGGAGC 
GCACTGGTCAAATTAGCTACTGAGGAAGACAATTCAAGAATTAAGAGGGAT 
ATAAGGGACATACTCTCCCAAATGGTTGAGGCCCTCAAAACAATTGAAGAG 
AGAATTCCCGAGCAATATAAAGACGCCTTCGTGAAAAAAGAGGGAATACCC 
AAAGAAGATCTCGAAAACTTTGACATAAAGAAGGAAGAATTAGCTGATATC 
CTTCTTGAATACTTACAATTAGAGTTCGATGCAAGATTTAGAGAACGATCC 
GAATACTATAGGCTTCCCCTATCAATAAGAGCATACTCAGAGGAATCAGCA 
CTAATTAAGATAGAAAACATTGAAAAGAAGAAAAATGACTGTCTGTTGTTT 
GGAAAAATCGTGCTAATTGACGAAAATGGAAGAATAAAAGAGTATAATCCA 
AAAGAAGTTCTTATAGATATTGATGAAGGTTCTCTTGTAGTTGTAACGCCA 
AAGAAATTCTTAGATAAGCTAAGAAGAGATCCCGTTCAAAGAATAAGCAAA 
TCACCGTTAGGAATAGTTGAGGCTATAGATCACGAGACAGGAAAAGTTGTT 
ATAAGGTTAATAAGAGTCTCTCCAGGCAGATTTACACTCAAACACTCTAAG 

( cont . ) 
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FIG. 27 (cont.) 

TTTAGTTGTAAAAATGGACTATTGACAATAACCTATCCTGAAGGGGAAGTG 
AAAGTTACTCCTGGAGAGATAGTTATAGTAGATCCTAGCGTCGATGACATA 
GGAATGGAAAGGGCATACAATGTGCTCTCAGAAATATCCCAAGGGGAACTC 
AAGCATGAAATTTATCAGAAGGTCAAAGCAATATACGAAGGGAACACGGAA 
TCAAGATACGAAGTCAACATCTGGAAGAAAAAGCACATAGAAGAATTTCTC 
TCCAGAGTTAAGAAGATCAACGAAGAACAGAAAAAGTTTGCAATTGACATA 
AACAACTTTCTAGTCACCCTTCAAGGCCCCCCTGGGACTGGGAAGACATCA 
GGGGCCATAGCCCCAGCAATTCTCGCAAGAGCATATTCAATGGTGAAGGAC 
AAAAAGAATGGCCTCTTTGTAGTTACTGGAGTCTCACACAGGGCAGTTAAT 
GAGGCCCTGATAAAGACTTTAAAGCTAAAGAAAGAGCTGGAGAATACATTA 
AAAGAGCTTAGAAAGATAGATCTAATTAGAGCAGTCTCTGGGGAAGAGGCA 
ATCAAAATAATTAAAGAGGAACTAGAGAGGGAAATAAAGGATGATGTCGAC 

AG AATT AG AT TT AC AG C AC AAG AAAT T AC G C AC T C T TC AAAG C AAAG ATC A 
TTAGACAAATATTTTGCTAATTCTGGAACTGTGAGGATAGTATTTGGAACA 
CC AC AG AC TT TG AAC AAGC TTATG AAG AAT AC AAAAG AAGTC G AAC TAGTT 
GTCATAGATGAAGCTAGTATGATGGACTTACCAATGTTCTTCCTCTCAACA 
AAAGTTTGTAAAGGTCAAGTTCTCTTGGTCGGGGATCACAGGCAGATGGAG 
CCAATTCAAGTCCATGAATGGCAATTAGAGGACAGAAAGACATTTGAAGAG 
CACTATCCATTCCTTTCAGCCCTTAACTTCATTAGATTTCTCAGGGGAGAG 
TTGGATGAAAGAGAACTTAAGAAGTTTAAGAGAATCCTTGGAAGGGAACCT 
CCAGAATGGAAGAAGGACAAGAACGAGGTTCTCCCTCTCTATAGGTTAGTA 
AGAACTTATAGGTTGCCCCAGGAAATAGCTGATCTACTGAGTGATGCAATA 

T AC AG AGC AG AT GGC AT AAAAT TG AT T AG T G AAAAG AAAAAG AG GAG AAAG 
ATAATTGCCAGGCACAAGGATGAGTTTCTATCGATAGTTTTAGATGACAGG 
TATCCTTTCGTTCTAATACTTCATGACGAGGGCAATTCCACAAAGATTAAC 
GAGCTGGAAGCAAAGATAGTAGAGAAGATAATCAAAAGAGTAGAGAATATT 
GATATAGGAGTTGTAGTTCCATATAGAGCTCAAAAGAGATTAATAGCTTCA 
TTAATAGATAGTGCCCAGGTGGACACAGTTGAGAGATTCCAAGGGGGAGAG 
AAATCTTTAATAGTAATTTCAATGACTTCCAGCGACCCCCGCATACCTGGG 

AAAGGTTTTTGA 
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FIG. 28 

i 

ATGAACATAAAGAGCTTCATAAACAGGCTTAAGGAGCTAGTTGAAATCGAG 
AGGGAAGCTGAAATAGAGGCTATGAGGTTGGAGATGAAAAGGCTTAGCGGA 
GTGGAGAGGGAGAGGTTAGGTAGGGCAATTCTCAGCTTAAACGGTAAAATC 
GTTGGTGAAGAGCTCGGTTATTTCTTGGTTAAGTACGGAAGGAATAAGGAG 
ATAAAGACCGAGATCAGCGTTGGGGATTTGGTTGTTATAAGCAAGAGGGAT 
CCCCTGAAGAGCGACCTCCTGGGAACTGTTGTTGAGAAGGGGAAGAGATTC 
ATCGTCGTTGCCTTAGAACCAGTCCCAGAGTGGGCCCTTAGAGATGTGAGG 
ATAGACCTCTACGCCAACGATATAACATTCAAGAGGTGGATCGAAAACCTC 
GACAGGGTTAGGAAGGCTGGAAAAAAGGCTTTAGAGTTTTACTTAGGTTTA 
GATGAGCCTTCCCAGGGGGAGGAAGTGAGCTTTGAACCCTTTGATAAGAGC 
CTAAACCCCTCTCAAAGGAAAGCGATAGCTAAGGCTTTAGGTAGTGAAGAC 
TTCTTCCTTATCCACGGCCCCTTT.GGAACTGGAAAGACGAGGACTTTAGTT 
GAGCTGATTAGGCAGGAGGTAAAGAGGGGGAACAAAGTTCTAGCTACAGCT 
GAGAGCAACGTTGCCGTGGACAATTTAGTTGAAAGATTGGCCAAAGATGGA 
GTTAAGATAGTTAGGGTTGGGCACCCAAGTAGGGTTTCGAGGCATTTGCAC 
GAGACAACTTTAGCTTACCTCATTACTCAGCACGAGCTCTACGGTGAGCTT 
AGGGAGCTTAGGGTGATAGGGCAGAGTTTGGCAGAGAAGAGGGACACATAT 
ACAAAGCCGACTCCAAAGTTCAGGAGGGGACTGAGTGATGCTGAGATAATT 
AAGTTGGCCGAGAAGGGAAGAGGGGCTAGAGGACTCTCAGCTAGACTAATA 
AAGGAGATGGCCGAGTGGATAAAGCTAAACAGGCAGGTTCAGAAGGCCTTT 
GAAGATGCTAGAAAGCTTGAGGAGAGGATTGCGAGGGATATAATTAGGGAA 
GCCGATGTGGTTTTGACAACTAACTCTTCTGCAGCCCTTGATGTTGTTGAT 
GCTACCGATTATGATGTTGCGATAATAGATGAAGCAACTCAGGCAACTATA 
CCGAGCATATTAATACCTCTCAACAAGGTTGATAGGTTTATACTTGCTGGA 
GACCACAAGCAACTACCACCAACTATCTTAAGCTTGGAGGCCCAGGAGCTC 
TCCCACACGGTTTTCGAGGGTTTAATTGAGAAGTACCCATGGAAGAGCGAA 
ATGCTGACAATTCAGTATAGGATGAATGAGAGGATAATGGAGTTTCCGAGC 
AGGGAGTTTTACGATGGAAGAATAGTTGCTGATGAAAGTGTAAAAAACATA 
ACTCTGGCCGACCTGGGAATTAAAGTTAATGCTAGTGGAATATGGAGGGAC 
ATCCTAGATCCAAACAACGTCCTCGTGTTCATAGATACTTGCATGCTCGAA 
AATAGGTTCGAGAGGCAGAGAAGGGGAAGCGAAAGCAGGGAGAATCCCTTG 
GAGGCCAAGATAGTGAGCAAAATCGTTGAAAAGCTCTTGGAAAGTGGGGTT 
AAAGCGGAAATGATGGGAGTGATTACACCTTACGATGACCAGAGGGATTTG 
ATAAGCTTGAATGTTCCCGAAGAAGTTGAGGTCAAGACTGTGGATGGTTAC 
CAGGGAAGGGAGAAGGAAGTGATAATTCTATCATTTGTCCGCTCTAACAAA 
GCGGGAGAGATCGGCTTTCTCAAGGACTTGAGGAGGCTAAACGTGTCCTTA 
ACTAGGGCTAAGAGGAAGCTTATCATGATTGGCGATTCCTCAACGCTTTCA 
TCTCACGAAACCTACAGGAGGTTAATCGAGCACGTGAGGGAGAAGGGGTTA 
TATGTTGTGCTAACGAAGGATAGCATTTGA 
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FIG. 29 

MIEELFKGLESEIVGLHEIPPKRGEYGEFKFRNEEVNELVKRLGFRLYSHQ 
VKALEKLYSGKNVWSTPTASGKSEIFRLFIFDEILSSPSSTFLLIYPTRA 
LINNQMEKFEKENTIFEEICGKRVRAEVLTGDTEWEKRREIIRSKPNVIFT 
TPDMLHHHILPRWRDYFWLLKGLRLLWDELHVYRGIFGTNVAYVFKRLFL 
RLKRLSSSPQILALSATLRNPKEFAEQFFETEFEEVKEAGSPSPRRIIVMF 
EPRRFTGEQLIKQIVERLTRKNIKTLVFFDSRKGTERIMRLFLFSDAFDRI 
TTYKGTLTKRERFLIERDFREGNLTVLLTTNALELGIDIGDLDAVINYGIP 
SDGLFSLIQRFGRAGRDPNRIAINGIILRRNGLDYYYKEHFDELVEGIEKG 
LVEKIPVNLDNEKIAKKHLHYAIAELGWSIKEIEGRWKRFIKTLVEEGYV 
EVTRNPI TGEEE IRLRRPPVYS S IRTASDES YFLWDEPWI RGALQRKRGA 
ELLRFVNYLKVRGMWEEVDEIEFHRSLLPGMVYLSRGRPYMAVDKIKIEK 
FHFVFARPLPIEEEIDTSSSKIENIEILEVKDEKTVGPIKVKFGRLRVRHE 
YTGYAVRGRDVERHVKRLEELKDEGILRGEIDIVPYIWESWKFARVLFDTP 
YIREFETEGFWLEFPNDIRIVPEEEFREFFAVASEIDPELAMFLYNRISRK 
SLFPTLLGATTHYIRSFILHHAKDKGEEFAFAVKKMIDSKDGIGSGLHAIE 
PNIIKLAPWTHVDSREIGGYSYDDFHGKPVIFIYDGNEGGSGIIRQVYEN 
VEKLMYRSLEHIKKCPCKDGCPACIYSPKCGTFNEFLDKWMAIRIWEKVLP 



FIG. 30 

MLIWRPGRKKNELEAFIIENPPEKLSQRRNLKADRWRLIMRDNRLFKAL 
EGSQYLNPKEVERALRNSRIVLVNANEWEEYFKKRLMNKRVEKADICRLCL 
LNGKITVLTEGNRIRYRDEYICESCAEEELKRELRFRFNSIGMLEQAKKLL 
ERFRDLDKVISIFDPSFDPTKHPEITKWDELKAKHIRVEKMHIDELNIPEE 
FKKVLKAEGINELLPVQVLAIKNGLLEGENLLWSATASGKTLIGELAGIP 
KALKGKKMLFLVPLVALANQKYEDFKRRYSKLGLKVAIRVGMSRIKTKEEP 
IVLDTGTDAHIIVGTYEGIDYLLRAGKKIGNVGTWIDEIHMLDDEERGAR 
LDGLIARLRKLYSNAQFIGLSATVGNPQELARKLGMKLVLYDERPVDLERH 
LIIARNESEKWRYIAKLCKAEAMRKSEKGFKGQTIVFTFSRRRCHELASFL 
TGQGLKAKAYHSGLPYVQRKLTEMEFQAQMIDVWTTAALGAGVDFPASQV 
IFESLAMGNKWITVREFHQMLGRAGRPQYHEKGKVYIIVEPGKKYSAQMEG 
TEDEVALKLLTSPIEPVIVEWSDEFEEDNVLAHACVFNRLKVIEEVQSLCL 
GANQSAKNVLEKLMEKGLVKIYGDKVEATPYGRAVSMSFLLPREAEFIRDN 
LESTDPIEIAIKLLPFENVYLPGSLQREIESAVRGKISSNIFSSSFASVLE 
ELDKIIPEISPNAAERLFLIYQDFFNCPEQDCTEFAMERIGRKIIDLRREG 
YEPSKISEHFRKVYALILYPGDVFTWLDGIVRKLEAIERIARVFNKRRWE 

DTIRVRREIEEGKILKGERR 
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FIG. 31 

mhkyffplpatkstfllpadlttanpcfskslinslsawapflyiqcfsyl 
plinflnsltyplemhilikkaikerfgklnalqqlafhkirgegksvlii 
aptgsgkteaavipildailrenlkpiaaiyiaplkalnrdllerlkwwee 
ktgviievrhgdtptskrlkqvknpphllittpemlpailttksfrpylkn 
tkfivideigelienkrgtqlilnlkrlelitedkpiriglsatigseekv 
rlwmeadewkprlkkkykftvlypqpipedeklaeelkvpievatrlrw 
wdivekhkkvlifvntrqfaeilghrlkawgkpvevhhgslsrearieaek 
klkegkikalictssmelgidigdvdaviqymsprqvnrlvqragrskhrl 
wetseayiittnvedylqslaiaklalegkledvnpyenaldvlahfivgl 
tieyrnvnitepyslakstypyrklswedyqkvleileeariirrdgdaik 
lgknafkyyfenlstipdeisyavidiasgksvgrldenfvteleesmefi 
mhgrswivleinekeriikvkesnnlesalpswegelipvplevaefvgkl 
krellwdkeralkllegvefnkeelevai sqlvesepvasdrdi i ies ypk 
fviihadfgnkinegltrfisvflsarygniflprsqahgiiirspfrlnp 
ee ike i llmkae vgd i vargi rdtp i yrwkms ai akrfgalrrd arikkve 
rlfegtiieketfneiyhdkididktekilekirkgeirmktlfreeitpl 
s s slatlggefl i rd i ltqee vee i freklldaelvmvctncgfswrtkvr 
rvmdrvnelscpkcdskmiaplhpkdsetfisalkklkrgeklsreeekyy 
lrglkaadllkaygkd all alat ygvg ve s atr i lrd yrgksl i kal i e ae 

KHYIQTRKFWE 



FIG. 32 

VMLLRRDLIQPRIYQEVIYAKCKETNCLIVLPTGLGKTLIAMMIAEYRLTK 
YGGKVLMLAPTKPLVLQHAESFRRLFNLPPEKIVALTGEKSPEERSKAWAR 
AKVIVATPQTIENDLLAGRISLEDVSLIVFDEAHRAVGNYAYVFIAREYKR 
QAKNPLVIGLTASPGSTPEKIMEVINNLGIEHIEYRSENSPDVRPYVKGIR 
FEWVRVDLPE I YKEVRKLLREMLRDALKPLAETGLLE S S S P D I PKKEVLRA 
GQIINEEMAKGNHDLRGLLLYHAMALKLHHAIELLETQGLSALRAYIKKLY 
EEAKAGSTKASKEIFSDKRMKKAISLLVQAKEIGLDHPKMDKLKEIIREQL 
QRKQNSKIIVFTNYRETAKKIVNELVKDGIKAKRFVGQASKENDRGLSQRE 
QKLILDEFARGEFNVLVATSVGEEGLDVPEVDLWFYEPVPSAIRSIQRRG 
RTGRHMPGRVIILMAKGTRDEAYYWSSRQKEKIMQETIAKVSQAIKKQKQT 
SLVDFVREKESEKTSLDKWLKKEKEEATEKEEKKVKAQEGVKVWDSRELR 
SEWKRLKLLGVKLEVKTLDVGDYIISEDVAIERKSANDFIQSIIDGRLFD 
QVKRLKEAYSRPIMIVEGSLYGIRNVHPNAIRGAIAAVTVDFGVPIIFSST 
PEETAQYIFLIAKREQEEREKPVRIRSEKKALTLAERQRLIVEGLPHVSAT 
LARRLLKHFGSVERVFTASVAELMKVEGIGEKIAKEIRRVITAPYIEDEE 
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FIG. 33 

LKGLFRDVILHNPHLFVYSYSDKGIIPFKHQFQTLYHAMLMRPVRLMIADE 
IGLGKTIQALLIAKYLDFRGEIEKALIWPKVLREQWREEVKRILEEAPEV 
IENGSEI EWKLKRPRK YF I I S I DLAKRYTEE I LRQKWDLVI VDEVHN ATLG 
TQRYEFLKELTKNKDLNVIFLSATPHRGNNRDYLARLRLLDPTIPEEISPM 
HERKIYMKSRGTLVLRRTKKWNELEGEVFKKCHFGAVWEVSREEREFFE 

ELNRALFELI KDQAD Y SPLTLLAVI I RKRAS S S YE AALKTLTRI VE SAY I S 
GQERARGVESYIEKIFRMGYEELEIEEFNEIDDAIHKIIDEYRGFLTEEQL 
ERLRRVLELGKKIGSKDSKLEVISDIVAYHIRNGEKVIIFTEFRDTLEYVL 
ERLPDILRRKHGIVLEKDDIAKLHGGMKSEEIEREINKFHERANLLVSTDV 
ASEGLNLHVASWINYEAPWSPIKLEQRVGRIWRLNQTRETKAYTIFLATE 
TDLDVLNNLYRKIMN IKEAVGSGP I I GRP I FEGDFENLWNEGAEEENREVS 
E YEL IL AS I KGELKG Y AG ALVRTLRI LKQKVEGAVPVNP AG S I RRELE I I L 
EDTPDVEVLKKIVNRNVPNPFRLVRGLLREAEGIEGIRVLVKGYDGSMDVY 
YAIFYDEDGREIYRYPILAENGKYLVGFNLLKRISEVLSKEYKWRGASEE. 

VD YKVKTLVMDN I YNL I VKKYLE YD SLN I KEGKI FKRLKVE I KKALEVKG I 
SEEEFEVIKRVPPEIMEVLGLDSTKIELPTNEYLKIFERNFVPLDKILESE 
KKAMEIVMELEKSRGYNVEDVSLREHYDIRAFTDGEEKYIEVKGHYPMLLL 
AELTEKEFEFAQKNEDKYWIYIVSNIAKDPVIVKIYKPFSQDRRVFWKNG 

EDVEVNINIEIKKKDRHLLKLS 
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FIG. 34 

VITLELHPSEIARYFELEECSHYFSNLLLRKRGELQEFEPIIRRKEIETIE 
LAKWGDEFELSLLQEFKKGEALKKLGVKELPRFYGFLTENDTPVRKFFEKY 
FKDGIIVEEDPDKLLEIINSEKSAVIYQAPLKGRIGKFDVSGRADFIIKVG 
KTLYLLEAKFTKEEKFYHRIQAIIYAHLLSQMIEGYEIKLAWTKENFPIP 
SNFLRFPGDVEELKITLEEKLGGILREQELWIDARCTTCPFEALCLSKALE 
ERSLGLLSLPPGIIRILKEEGIKDLKDMAKLFEFKENSPTNFEEPSIKDPK 
KTQEIAKRTGINLLKLSRIAQAILKYLDEGETTPLFIPRTGYNLPMDERVG 
DVEPS YYPPRSLVKVFFYVQTSP ITDTI IGI SALVKNRQNGERI IVKFVDE 
PPIEVSDAQEKERMLLIEFFRDVIDAVKSLSPTDKVYLHMYFYNRKQRDDL 
MDAVKRHKEIRENNAVMALLSLRRAIDWESFSIIKDEIIRRHALPLSPGLG 
FVTVATQFGYRWRRNKTFARMLEWARRENGKINLKTLLNISETGIGPEYY 
PIIDRDNEGIPFTLFWSALVKLATEEDNSRIKRDIRDILSQMVEALKTIEE 
RIPEQYKDAFVKKEGIPKEDLENFDIKKEELADILLEYLQLEFDARFRERS 
EYYRLPLSIRAYSEESALIKIENIEKKKNDCLLFGKIVLIDENGRIKEYNP 
KEVLIDIDEGSLVWTPKKFLDKLRRDPVQRISKSPLGIVEAIDHETGKW 
IRLIRVSPGRFTLKHSKFSCKNGLLTITYPEGEVKVTPGEIVIVDPSVDDI 
GMERAYNVLSEISQGELKHEIYQKVKAIYEGNTESRYEVNIWKKKHIEEFL 
SRVKKINEEQKKFAIDINNFLVTLQGPPGTGKTSGAIAPAILARAYSMVKD 
KKNGLF WTGVS HRAVNE AL I KTLKLKKELENTLKELRK I DL I RAVSGEE A 
IKIIKEELEREIKDDVDRIRFTAQEITHSSKQRSLDKYFANSGTVRIVFGT 
PQTLNKLMKNTKEVELWIDEASMMDLPMFFLSTKVCKGQVLLVGDHRQME 
PIQVHEWQLEDRKTFEEHYPFLSALNFIRFLRGELDERELKKFKRILGREP 
PEWKKDKNEVLPLYRLVRTYRLPQEIADLLSDAIYRADGIKLISEKKKRRK 
IIARHKDEFLSIVLDDRYPFVLILHDEGNSTKINELEAKIVEKIIKRVENI 
DIGVWPYRAQKRLIASLIDSAQVDTVERFQGGEKSLIVISMTSSDPRIPG 

KGF 



FIG. 35 

MNIKSFINRLKELVEIEREAEIEAMRLEMKRLSGVERERLGRAILSLNGKI 
VGEELGYFLVKYGRNKE I KTE I S VGDL WI SKRDPLKSDLLGT WEKGKRF 
IWALEPVPEWALRDVRIDLYANDITFKRWIENLDRVRKAGKKALEFYLGL 
DEPSQGEEVSFEPFDKSLNPSQRKAIAKALGSEDFFLIHGPFGTGKTRTLV 
ELIRQEVKRGNKVLATAESNVAVDNLVERLAKDGVKIVRVGHPSRVSRHLH 
ETTLAYLITQHELYGELRELRVIGQSLAEKRDTYTKPTPKFRRGLSDAEII 
KL AE KGRGARGL SARL I KEMAE W I KLNRQ VQKAFE DARKLE ER I ARD 1 1 RE 
AD WLTTN S S AALD WDATD YDVAI I DE ATQ AT I P S I L I PLNKVDRF I LAG 
DHKQLPPTILSLEAQELSHTLFEGLIEKYPWKSEMLTIQYRMNERIMEFPS 
REFYDGRIVADESVKNITLADLGIKVNASGIWRDILDPNNVLVFIDTCMLE 
NRFERQRRGSESRENPLEAKIVSKIVEKLLESGVKAEMMGVITPYDDQRDL 
ISLNVPEEVEVKTVDGYQGREKEVIILSFVRSNKAGEIGFLKDLRRLNVSL 
TRAKRKLIMIGDSSTLSSHETYRRLIEHVREKGLYWLTKDSI 
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ATPase ASSAY FROM PHAGE INDUCED HELICASES 




FIG. 36 



ATPase ASSAY FROM IPTG INDUCED HELICASES 




FIG. 37 
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2 3 4 5 .6 7 dna2 - + 



FIG. 38 A 




2 3 4 5 6 7 dna2 - + 



FIG. 38B 
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FIG. 40 

ATGAGGGTTGATGAGCTGAGAGTTGATGAGAGGATAAAGAGTACTTTGAAG 
GAGAGAGGTATCGAATCCTTTTACCCTCCCCAAGCCGAGGCCTTAAAGAGC 
GGGATATTGGAAGGTAAGAATGCATTAATTTCAATTCCAACGGCCAGCGGA 
AAAACACTAATTGCTGAGATTGCCATGGTTCATAGGATTTTGACCCAGGGA 
GGAAAGGCTGTATACATAGTCCCGCTGAAGGCCTTGGCTGAAGAAAAGTTT 
CAGGAGTTCCAGGATTGGGAGAAGATTGGGTTAAGAGTAGCGATGGCCACT 
GGGGATTACGACTCAAAGGATGAGTGGTTGGGGAAATACGACATAATCATT 
GCGACGGCTGAGAAGTTTGATTCCCTTTTAAGGCATGGCTCAAGTTGGATT 
AAGGATGTGAAGATTTTAGTTGCTGACGAGATTCATTTGATTGGTTCAAGA 
GACAGAGGAGCTACGCTTGAAGTTATCCTAGCTCATATGCTCGGAAAGGCC 
C AAAT AATTGG AC TC TC TGC AAC GATAGG AAATC C AG AGG AGCTTGCGGAG 
TGGTTAAATGCCGAGCTAATAGTCAGTGACTGGAGGCCCGTTAAGCTTAGA 
AGGGGAGTTTTTTACCAAGGCTTTGTTACCTGGGAAGATGGAAGTATAGAC 
AGGTTTTCCTCCTGGGAAGAGTTAGTTTACGATGCAATTAGGAAGAAGAAA 
GGAGCGCTAATTTTTGTAAACATGAGAAGGAAGGCTGAGAGAGTAGCTTTG 
GAGCTTTCTAAAAAAGTTAAGTCTCTCCTCACGAAACCTGAGATTAGAGCT 
TTAAATGAATTGGCTGATTCCCTCGAGGAAAATCCCACAAATGAAAAGCTA 
GCTAAGGCCATTAGGGGTGGAGTTGCGTTCCACCACGCTGGTCTTGGGAGA 
GATGAGAGGGTTCTCGTGGAGGAGAACTTTAGAAAGGGTATAATAAAGGCC 
GTAGTTGCCACCCCAACACTTTCGGCGGGAATTAACACTCCAGCGTTTAGG 
GTGATTATAAGGGATATTTGGAGGTACTCTGACTTTGGAATGGAGAGAATT 
CCGATAATCGAGGTTCACCAAATGCTTGGGAGAGCTGGAAGGCCGAAGTAT 
GATGAGGTTGGGGAGGGAATAATAGTTTCTACAAGCGATGATCCGAGAGAG 
GTAATGAATCACTACATATTTGGAAAGCCTGAAAAACTGTTCTCCCAGCTC 
TCCAACGAGAGTAATTTGAGAAGTCAAGTTTTGGCCCTAATAGCGACCTTT 
GGCTATTCAACTGTGGAGGAGATTTTGAAGTTCATCTCAAACACATTCTAT 
GCTTATCAAAGGAAGGACACATACTCTTTAGAGGAGAAGATAAGGAACATA 
CfCTACTTCCTCCTAGAGAATGAGTTCATAGAGATATCCTTAGAGGATAAA 
ATAAGGCCGCTTTCCCTGGGAATTAGGACTGCAAAGCTTTATATCGATCCC 
TATACGGCCAAGATGTTCAAGGATAAAATGGAGGAAGTTGTTAAAGATCCA 
AATCCTATAGGAATATTTCACTTAATCTCCCTAACTCCGGATATAACCCCC 
TTCAACTACTCAAAGAGAGAATTTGAAAGGCTCGAAGAGGAATACTACGAA 
TTCAAGGATAGGTTATACTTTGACGATCCCTACATTTCGGGTTACGACCCC 
TACCTAGAGAGGAAGTTCTTCAGAGCTTTCAAAACTGCACTAGTGCTTCTG 
GCATGGATAAATGAAGTCCCTGAGGGAGAAATAGTTGAAAAGTAGTCGGTG 
GAACCTGGGGACATCTATAGGATAGTTGAGACGGCTGAGTGGCTGGTGTAC 
TCTCTAAAGGAAATTGCAAAAGTTCTTGGAGCTTATGAGATCGTTGATTAT 
CTTGAAACATTGAGGGTTAGGGTCAAGTATGGGATTAGGGAGGAATTGATT 
CCCCTAATGCAACTCCCGTTGGTTGGAAGAAGGAGAGCTAGAGCTCTTTAC 
AATAGCGGATTTAGAAGTATAGAGGATATATCTCAAGCGAGGCCAGAAGAG 
CTTTTGAAAATCGAGGGGATAGGGGTCAAGACCGTTGAGGCTATCTTCAAG 
TTTCTTGGTAAGAATGTGAAAATTTCGGAGAAACCTAGAAAAAGTACCCTT 
GATTACTTTCTCAAATCTTGA 
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FIG. 41 

MRVDELRVDERIKSTLKERGIESFYPPQAEALKSGILEGKNALISIPTASG 
KTLIAEIAMVHRILTQGGKAVYIVPLKALAEEKFQEFQDWEKIGLRVAMAT 
GDYDSKDEWLGKYDIIIATAEKFDSLLRHGSSWIKDVKILVADEIHLIGSR 
DRGATLEVILAHMLGKAQIIGLSATIGNPEELAEWLNAELIVSDWRPVKLR 
RGVF Y QGF VTWE DG S I DRF S S WEE LV YD AI RKKKG AL I F VNMRRKAERVAL 
ELSKKVKSLLTKPEIRALNELADSLEENPTNEKLAKAIRGGVAFHHAGLGR 
DERVLVEENFRKGIIKAWATPTLSAGINTPAFRVIIRDIWRYSDFGMERI 
PIIEVHQMLGRAGRPKYDEVGEGIIVSTSDDPREVMNHYIFGKPEKLFSQL 
SNESNLRSQVLALIATFGYSTVEEJLKFISNTFYAYQRKDTYSLEEKIRNI 
LYFLLENEFIEISLEDKIRPLSLGIRTAKLYIDPYTAKMFKDKMEEWKDP 
NPIGIFHLISLTPDITPFNYSKREFERLEEEYYEFKDRLYFDDPYISGYDP 
YLERKFFRAFKTALVLLAWINEVPEGEIVEKYSVEPGDIYRIVETAEWLVY 
SLKEIAKVLGAYEIVDYLETLRVRVKYGIREELIPLMQLPLVGRRRARALY 
NSGFRSIEDISQARPEELLKIEGIGVKTVEAIFKFLGKNVKISEKPRKSTL 

DYFLKS 
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